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High gain antennas Multibeam and beam scanning 
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* Holes in metal cladded substrates are 
proposed 
* Printed circuit board process 
¢ Scalable to high frequency 


* Original contribution of the proposed 
Luneburg lens implementation 
e High £ disc inside low €, substrate 


¢ Simple PCB-process based 
implementation 


* Design in W-band 
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*https://en.wikipedia.org/wiki/Luneburg lens | Proposed lens Equivalent 
implementation refractive index 
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Characterizing periodic holes in a substrate 





Z 
n,« Variation from 1.48 to 


1.91 can be achieved by 
using two substrates 

* n,« Variation contrast of V2 is 
required for ideal lens 

e Achievable contrast of 1.29 
(1.91/1.48) is enough for lens 
implementation 
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Lens outer region is made of substrate with 
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2.94 
Hole diameter increases gradually with the 
lens radius 


The lens consists of concentric circles of holes 
Lens core is made of substrate with €. 

The holes at the lens circumference are 
extended to avoid refractive index 


discontinuity 


Er 





RT/Duroid 6002 
RO4350B 


eceeeeee | ens Circumference 


Proposed graded refractive index 
material 


Lid 
2 
c 
— 
= 
I 
o 
Lil 
[es 
> 
- 
e 
a. 


EN PREMIERE CLASSE 


MONTREAL 
LE GENIE 





7/14 





(peajaseyd 4 (pexjoseud ^q 


+ N c e Y + N c h 





0 
Distance(mm) 
x = 0° 


Distance(mm) 





x = 20° 


8/14 





-5 











229 3 
(8P)| dl 









D dors lb cal os 
= ` : al 
OR PS oro Gale fO 
POP Ou s*« cO 
ri CC AO aho re 


v EE E acf PF ut tee oy À DF e PA 4 
| MS AV | Fo e TR DRE 
he NS a ^ CRD) eae D à; IN Se m JJS PE 
NS SOCIO 72 Z^ PP A Pe Pet AP EMTS 4 


~ 
E www www, A nnnnnnnnnun,, 


"d OV—ccuwnro—ewir a OI ON OI a 
— DONON FANAN =A Domon NAN D 





E Field(d 


E Fiel 


X 
Feed is 1.76 mm wide 
open-ended substrate 
integrated waveguides 


EN PREMIÈRE CLASSE 


Ld 
D 
c 
= 
= 
I 
eo 
Lu 
^ 
ond 
eo 
a. 


MONTRÉAL 
LE GÉNIE 





E-field distributions 


POLYTECHNIQUE 
MONTREAL 


B Beamforming network 


GÉNIE 
EN PREMIERE CLASSE 










































































1.48 siny = sin steer 








Theta(0°) 
Lens diameter: 24.6mm Equivalent model 
Luneburg lens based BFN y — 0°, +102, +20°, +30° for Snell's law 


Array factors are formed by amplitudes and phases at array ports 
with excitations at angle y 
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Single element characteristics 1.654 


1D slot arrays on SIW are placed at the array ports 

Each excitation port (Fx) realizes a beam steered along 
beam steering axis 

The proposed lens provide desired amplitude and phase 
excitation for beam steering 
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Fabricated prototype 
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° A novel Luneburg lens implementation is presented in W-band 
e Low-cost printed circuit board process is used to realize the lens 


* Different diameter periodic holes in a substrate are used to change 
effective refractive index of the material 


* Desired refractive index contrast is achieved by embedding a high dielectric 
constant substrate disc at the lens center. 


* [he proposed lens is used to realize a multibeam antenna 


* Good agreement between the measured and simulated beam steering 
angles experimentally validate the proposed lens implementation 


* Efficiency limited by substrate loss tangent and roughness 
° Specified permittivity (at X-band) is not accurate for W-band design 
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